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!» th. recombinant-^* field, — T Protein. have been 
prepared in th. eatery in an — * »«•«• *« »"" eh 
purpo.... Howler, — thouqh technique, to produce r...arch 
^entitle, of th... protein, nav. optimize th... laborator, 
production and purification proc... «. often inad.quat. to 
produce commercial quantities of the deaired protein which i. of . 
quality aufficient to be uaed as a human pharmaceutical. 

In order to produce co-ercial quantitie. of a ,i~n protein 
of an appropriate quality, union, fermentation, i-olation, and 
purification technique, are often required. Moreover, the 
co.bin.tion of the technique, and the order in which they are 
practiced often affect the amount of the protein -covered and th, 

purity of the final rproducfc.. 

M previoualy de.crifced in co-pending U.S. patent 
appucation. Serial Hu-ber. 199,915, 238,713, 248,521 and ».,U1. 
filed Kay 27, 1988, Auqu.t 31, 1988, Sepwmber 23, 1988, and . 
„o™mber 3, 1988, re.pectiv.ly, a unique protein named human 
i»t.rl.u>ein-l inhibitor ha. b»n i.ol.ted. th... application., 
.pecifically incorporate herein by ref.r«c., al.o d..cxib. 
method, for producing r.combinant human lnt.rl.ufcin-1 inhibitor, 
hereinafter referred to a. -H-ll.' in laboratory quantitxe. in 
triform* or,«l». u..ful in laboratory method.. However, 
the., method, did not re.ult in production of commercial 
,uan t itie. of IL-li of a quality .ultabl. for admini.tration to 

humans . 
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«. present in«»tor. have found certain combination, of 

^ehl. of producing commercial quantities - puri^ed 
IL -U. These method, are de.cribed in thi. application. *. used, 
herein, the term "commercial qu»titi..- is intended to m~n at _ 
iea.t .ev.r.1 to ten. to hund»d. of gram, of highly purified 
product obtained from each 100 liters of fermentation broth. By 
highly purified product- i. ~~ a serial of .uff icient purit, 

t« n oref erred embodiment, "highly 
to be administered to humans. In a preterrea 

*.w„„ e « n nor dose of endotoxin and 
purified product" has less than 5 E.U. per cos 

less than 0.0025% contamination by fc. fifiU. protein. 

it is an object of the present invention to provide a method 
£ or the products or .commercial quantities of recombinant human 
interleufcin-1 inhibitor: This object is achieved by the methods 

described herein. 

„ order to achieve theae objects, an improved .train for th, 
production of XL-li i. a««ibed herein. That .train, named 
SGB90, i. capebl. of producing at Last 50 gram, of highly 
purified IL-U per 100 liters of fermentation broth when u.ed in 
the methods described herein. 

on. method which i. preferred for production of commercial 
gnantitie. of th. highly purified XL-U de.cribed herein includes 
the following steps: 

( 1 ) fermentation ; 

(2) cell processing, including: 
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(a) cell recovery, 

(b) lysis, and 

(c) clarification of the lysates; 

( 3) a first ion exchange step? 

(4 ) a second ion exchange step? 

(5 , the final processing steps including concentration 
and diafiltration. 
A third ion e^e step nay be optional added to achieve even 

greater product purity. 

xa a preferred .Mi-t. the fermentation step is carried 
,„t in microorganisms, particular* ^ »U, while the first ionic 
exchange step is conducted with a column filled with ^ 
exchange resin S-S.ph.ro... Also i» the preferred embodi«»t . th. 
second ion .xchange .tep i. conducted with a column "^ ^ » 
anion exchange reein.' preferably Q-Sepharos. .. If the optional 
AW ion exchange step is added, a column filled with a cation 
exchanae resin, preferably S-Sepharo.e, is used. 

It i. to be understood that both the foregoing general 
description and the following detail description are exemplary 
and explanatory only, and are not restrictive of the invention a. 
claimed. The accompanying drawings, which are incorporate in and 
constitute . part of this specification, illustrate, various 
^o^nts of the mention and, together with the description, 
serve to explain the principle, of the invention. 
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gii i^Tmnn ~ ™" SWINGS 

Figure 1 depicts the construction of tfKTl and pR.2 as set 

forth in Example 1. 

r ?TPTI ^ M n y Tfffi PP F** 1 *™ FMB0DH 

Reference will now be »ad. in det.ll to the pr..entl y 

p^ferred — i— * the invention, which, tooether with the 

ioUowinn «ca-pl - » explain the principles of the 

invention . 

As noted above, the preeent invention relet., to . proc... 
t or the production of co-erci.1 ouantitie. of a-li. *■ »ed 
herein, the t.» -co^rcial ^titie.- 1. intended, to > that 
.t lea.t .everal to ten. -t* hundred, of - 
product fro- eatf, 100< liter, of fetation broth are produced. 
„ noted pr.viou.ly, on. of the preferred .ethcd. for 

fc(4l , M ft f TL-li described herein 
production of commercial quantities of XL u. °« 

includes the following steps: * 

(1) fermentation of ^ ^ c»pri.in, a pl.»id contain, 

a DMA encoding IL-li; 

(2) cell processing, including. 

(a) cell recovery, 

(b) lysis, and 

(C ) clarification of the lysates; 

(3) a first ion exchange step; 

(4) a second ion exchange step; 

•„« «*eos including concentration 

(5) the final processing steps mcxu * 



PCT/US90/06979 

WO 91/08285 

and diafiltration. ^ con ducted. Such 

i .1 1-hird ion exchange step may also d 
An optional third ion . <Jt1 . alv after the second 

irf be performed immediately a" 84 
an optional step would be pe 

ion exchange step. ^ 

-nri cell processing steps tor us« «- 
The fermentation and cell p routine ly known to 

- «„ this invention include those routinely xn 
contemplated in this inv pre£erred embodiments of these 

one of ordinary skill in the art an y 
are set forth in the examples which follow. 

tZZ» — ~ - * — d in the place of 

'< — -n : r.r.. — — - 

! The process for tne p previously, 
! IW1 ntlliae. . «- - exchange - * > 

preferred — ^""^ mf .1.0 

^onic S-.epharo.e re.*, ' «~ J 

ion exchange cola™ i. then u.ed o.s.pharo.. i> 

«. li As noted above, m the preferred «bodi».nt Q Sep* 

r . : rz-".~T- 

«. D i. included irately after the ..=ond ion 
exchange atep ia incura ., tion exchange 

„„„ in thi. optional third atep, a cation 
exchange .tep. I» «» P ontliiM s-s^oa. 

mlam 1. «..d. thi. col»n preferably 
„.!», ho^er other interchangeable reain. Bay 
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-(,- 

include, but are not lifted to, SP-25 Sephadex, 
Such other resins ineluoe, p 

,. ... at cellulose or CM Toyopearl. 
OI sephadex, CM Sepharo.., CM celluio 

PeUowin, these steps, the final process steps are _ 
undertaken. These include a concentration step. If de,ired, 
d iafiltration of the XL-li. «- P— of these step, .re 
finely Known to those of ordinary .Kill in the art, in light o. 
the teaching, found in the exa.pl.. which follow. 
, ^rtant to the operation of thi. prooe.s is a suitable set 
! of quantitative analytical tool, to evaluate yield and purity. 
M described in greater detail in the procedure, in Example 
4 the assay, which have teen developed for these purpose, includ. 
a reverse phase HPLC (HP-HP1C, assay, an ion exchange HPLC 
,IB-HPLC,, an M-M- assay, a si» exclu,io» ...ay, a trypsin 
peptide aap, and ah «,ay for biological activity. When tested i 
«» £ ir.t four of the* a...y., the highly-purified B-U Produce 
* the pr..ent »thod. i. greater than 90« pure. Preferably, whe 
t e.ted in the IS-HPLC, the highly purified IL-U is * *«* »•% 

for both Mono Q and Mono S columns, preferably, when tested 
in the SDS-PK* ...ay, the highly purified IL-li i. at l...t 99. 
pure, and i. at lea" P«. when te.ted in .ise exclusion 
...ay. The trypsin peptide »P of the highly purified IL-li 

* k » n ™*icallv expected. The highly purified 
matches the pattern theoretically expect 

1L -U d-ontrate. inhibition of XL-1 m the bioa...y 

The following exa^le. are provided to illustrate certain 
prefers -bodiaent of the present invention. These example, a 
intended to be illustrative only and are not intended to U*« „, 
scope of the clai*. app^ded hereto. HI referee provided 
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ol es are specifically incorporated herein by reference. 

these examples are sp«^ 



^ f the IL-li =DK». from a lambda P h «°> 

1- STtoe^r^IL^ 21 ^ d 

„ ,,.2a (MCC #40488) was digested 

The lambda phage GT10-IL-U-2a (ATCL 

„ th. 1 7 «. «»gment carrying the IL-U cDHA was 
with EcoRI and the 1.7 » 9" ^ „ 

purified by ,.i electrophoresis, this frag* 
BcoRX-digeeted Blue.cript SKHl^Stratagene) , re.uXt.ng 

plasmid BS-IL-li#2. 

p-* ^ i-he "T ? " system 

A . Description of pT5T. 

«. T7 session vector used for «1 P^cti on U - U- 

,19881 31.16297-16302], except that there is 
Eiai-S^ < 1S88 > 5 - to the T7 promoter 

.tretch of » between the unique Bgl2 site 

the Cla, site, in the tetracycline resist, *he 

^ — — — — 

Clal 

AGGATTTTTT TT&fiAISI 

Bgl2 

n»tnwi and Smal restriction 
The vector was linearised with BamHl and 

- — was digested wiU^ H» ^ 

th. 4=3 bp fragm„t carrying the sequence 
id. 4 to 152 of the mature IL-U •*»» *"» " 

T 3 L of the 3- untranslated region was purified by 
cod on and 3 bp of 011goIul cl.otide. with the 

polyacrylamid. gel electrophoresis. 

sequences: 
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5' 

3' 
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GATCCATTGGAGGATGATTAAATGCCGCCCT 3; 
GTAACCTCCTACTAATTTACGGC 5' 



were synthesized, phoephorylated at their 5' ends and annealed. 
These oligonucleotides contain sequences essential for the 
translational coupling of the T7 .10 gene to the IL-li gene. A 
uixture containing the annealed oligonucleotides, the linearized 
vector fragment and the 453 bp IL-li gene fragment was treated 
with T4 DHA ligase and then used to transform the fc. alt *" ain 

JM109 (See Figure 1). 

B. Mutagenesis of IL-li. 

Once a plasmid was isolated and shown to have the correct 
sequence, it was designated pRJl. pRJl carries sequences coding 
for a variant of the IL-li protein. The amino-terminal sequence 
of this variant is Met-Pro-Pro-Ser- . . . rather than Arg-Pro-Ser- . . . 
which is the aminoterminal sequence of the natural human protein. 
The aim here was to express a protein that is as close as possible 
to the natural protein, and that was done by mutagenizing the DKA 
coding for the IL-li protein such that it codes for 
Met-Arg-Pro-Ser-..., as follows. The gene for IL-li in pRJl was 
removed by digesting the plasmid at the unique BamHl and Pstl 
sites. The 1375 bp fragment was cloned between the BamHl and Pstl 
sites of M13 m P 19 and designated M13-IL-111. Oligonucleotide 
site directed mutagenesis was performed on isolated single stand , 
DHA of M13IL-111 according to the procedure described in the 
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\\ .1. kit The mutagenic oligonucleotide 

sequence is given below, 

4* a «mience of the mutated IL-li. 
terminal amino acid sequence 



5 • TGATTAAATGCGTCCGTCTGGGAG 3 • 
M R P S G R 

, * wi«t-112 which differs from M13IL-1U 
mutagenesis produced M13IL U ^ ^ 

m that the IL-U protein encoded on this pxa 

and that the codons for Arg and Pro are 
amino-terminal sequence and that tne 

those used preferably by JL. fifili* 

c Expression of IL-li protein. 

^ -tt u-o— was then transferred baclc into 
The mutagenized IL-li gene was «w 

„ no the .a** precede a. de.orib* ^ 
pT5T «.»« the sane pro ^for-d Into 

esprea.ion plaaaid is de.ign.ted pHJ2. P*« wa 

. . «oii .train BL21 <M3) tor expre..ion. Thi. .train 
the- fc. S2li ""am an ie 9<113-130] 
^..exited in studier and Moffat i^aU^U (»«> . 

contain. the X, » po*— — — ° ^ 

^ U. P~~t.r on a nona^i. ^ ^ ^ 
bacteriophage. Hi* level «pr...ion of rIL li 

^n, ... cn. ,»<->»«» - — " ,., 

tetracaine up to a celi den,it y corre.ponding to an *„ 0 

.dded to . final concentration of 1.0 « and th. ell. 
OR «. added to fin. ^ cell0 „ere harvested by 

_ illowe d to growfor ^ _ ^ ^ 

centrifugation and the rIL-li ™» f 
lv..t. by .tandard protein cheai.try technic-... 
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3. Development of an IL-li expression vector 
using the "tac promoter" system. 

A. Preparation of pDDl. 

The plasmid pJU 1003 (Squires, et al.) was cut with Hind3 and 
BamHl and fused to a synthetic Human Pancreatic Secretory Trypsin 
Inhibitor (HPSTI) gene whose sequence is: 



GwSxCGATA TCTC3T7GGA GATAT7CAT3 ACGTATTTTG GATGATAACG 
C7TAAGCTAT AGAGCAACC? CTATAAGTAC TGCATAAAAC CTACTA77GC 



AGGCGCAAAA AA7GAAAAAG ACAGCTATCG CGAtCGCAGT GCCAC73SC7 
TCCGCGT777 77AC77777C 7G7CGATAGC GCTAGCGTCA CCGTGACCGA 

GGT-tCGCTA CCS7AGCGCA GGC7GAC7C7 C7GGGTCGTG AAGCTAAG7G 
CCAAAGCGAT GGCA7CGC37 CC6ACTGAGA GACCCAGCAC TTCGAT7CAC 

C7ACAACGAA C7GAACGG77 GCACTAAAAT CTACAACCCG GTATGTGG7A 
GATGTTGCTT GAC7TGCCAA CG7GA77T7A GATGTTGGGC CATACACCAT 

CCGACGGTGA CACCTACCCG AACGAATGCG TGCIGTGCTT CGAAAACCGT 
GGCTGCCACT GTGGATGOGC TTGCTTACGC ACGACACGAA GCTTTTGGCA 

MACGTCAGA CCTCCATCCT GATCCAGAAA TCTGGTCCGT GCTAAGTCGAC 
tTTGCAGTCT GGAGGTAGGA CTAGGTCT7T AGACCAGGCA CGATTCAGCTG 

.Hind 3 

CCT G CAGA A G CTT--- 
GGACGTC7TC GAA- • • 



ay cutting the HPSTI gene with Pvul and Hind 3 and ligating the 

?vuI/Hind3 fragment to the BamHI-Hind3 cut plasmid using a double 

itranded oligonucleotide adaptor with the sequence: 

5' GAT CCG ATC TTG GAG GAT GAT TAA ATG AAA AAG ACC GCT ATC 
3' GC TAG AAC CTC CTA CTA ATT TAC TTT TTC TGG CGA TAG 

GCC AT 3' 
CGG 5' 
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for a protein consisting of the 
aignal (or 1— > « ^ purpose o£ thi, Ration 

* „nn^ Addition of £j. jSB*U» 
B. Cjnstruction^o^^ 



^latlcoiU Miu* - and 

u «,.«ld PT5T (described above) was cut with 
The plasmid P tst i gcalf 
- *t ii #0 was cut witn wis 

reieaaing . fragment 453 , ^ ^ 

the IL-U protein (.ae above,. The 
! IL . U - » ouaonucuotid. adaptor 

ii 

sequences ... _ GCT X CC GTA GCG 

CAG GCC CGT CCC T 3 J 

GTC CGG GCA G w±t: 
„ r e ^ to p^ce th. P^ -^rl. - -U 

— - Bind3 ' ^T. pol o o Z — 
of ^ ^ t . m/81ld3 - P0 DI , — « 

Thi. 499bp fragment vas fu»«a "> 

ta th. Pla^ PDD3. ^cation of P«223-3- 

e construction of pT3XI-2- 

, «»ld for thi. constraotion «• Pi*"" 
.tartin, ^ ^3-3 carri.. a 

J ^,3-3 purohaaea fro. ^ ^ ' Thl . .on-functionai 

partiai _ for ~ •""^^ re.i.tanc. gene 

,en. ». --^7^1 p L3-3 «. «— 
carried on plasmid PBR322. Plas 
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coapl.teiy with «hl and parTiaUy with B^Hl. A 4.4 fcilobase 
pair fragment was ,el purified and coined with a synthetic 
adaptor with the seauenw 

and a 539 base pair fragment of DNA from a Clal - Sphl digest of 
the tetracycline resistance gene of P BR322 (PL Biochemicals , 
27-4891-01). The resulting plasmid was designated pCJl. 

Next a Xhol linker purchased from New England Biolabs was 
inserted into plasmid pCJl's PvuII site to form plasmid pCJX-1. 
This insertion disrupts the rop. gene which controls plasmid copy 
.number. An EcoRl fragment containing the lacl gene was purified 
from plasmid pMC9 [Calos, etal., g rnr W qt1 Arart. Bel. USA 
' (1983), 80:3015-3019] then inserted into the Xhol site with Xhol 
to EcoRl adaptors having the sequence: 

5' TCGAGTCTAGA 3« 
3 • CACATCTTTAA 5 • 

The polylinker sequence between the EcoRl and Pstl sites in 
plasmid PKK223-3 was next replaced with a polylinker sequence 
shown here: ^ ^-tsca 3 



3* 



»««s ssssss sssss sr* i- 



The plasmid vector so obtained is designated pCJXI-1. 

Finally, the tetracycline resistance gene was replaced with £ 
similar gene which had the recognition sites for restriction , 
enzymes Hind3, BamHl, and Sail destroyed by bisulfite mutagenesis. 
The following procedure was used to mutate the tetracycline 
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-a oi« «as cut with Hind3, then 
- --B322. Plasmid pB322 was 

'"' SI b i.ulfit. Chortle and »athana. B-U 
Lageniaed ^ , 5!n70 . 2m „. T he « 

;SflU '- &SS4i ^r i: rcular DKX, then cut with Hi»d3 to linearise 
». ligated to form «rcula 

m -h« escaped mutagen""- fc. S2lA 314109 
U pU— that e ape _ 

— * ^ ^ on selectlTO media. «— — 
„ith the plM~d. th« pl. for 

t— . - «- - ^ - 

| r e»ove the Salt .ite, *=»i»9 Pl"" 14 

t ,*3 carrying - — ~— "t^TZw - 
Jeted a-- — « ^ hOTOl0?OU * '"^ ° Lu 

« pT3XI-2'. The — — — — 9Sna Stil 
encodes a functional protein. 

■"" '"" • for Ml. ribrobla.t Growth Factor 
initially a -gene- tor ba.ic .. mmc . a. that 

„,..i«ed ttU ■»-•■ ««*• f0t ^ 

„s synth..l«d. Thi g ^ t » e codon. that are 

reported for FGP by Somner et al . » hot 

found prefers in highly erased gene, in ^ , 
.tructur. of thi, U - that the coding port- » 
.relatione! coupler serene. .... Souirea, ~ al., 
ensure effi=U" initiation of txanal.tion. 
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». FGF qtttoeic «. first in..rted into H13npl8 

th. BcoRl an, Hind3 .it- and .fenced. ' Th. .tructure , 
this gene is: 

~ -fflSffiS S8SS8 SS SSSS 

STSSL&gg^^^ Lr^ _ FGFstart 

EC0RI ^Translational Coupler ^ 

— «5 sssss ssss ssss sssssss SSS2« 

GATGGGACGG CCGTGACGGC CTTCT rrTrcGT ATC CACCCGGATG 

« sssss ssss ssss c <=- 

TTCTGGGCTT TGCAGACATG ACATTTT irrAAACTGCA GCTGCAGGCTG 

GTCGTGTCGA CGGCGTACGT GAAAAAAGCC ACCgCACA TCAAA^ 
CAGCACAGCT TGCCGCATGC ACTTTTTTC icCGTTACCT GGCTATGAAAC 

AAGAACGTG GTGTTGTATC ^ ACCGTT^ 
TTCTTGCAC CACAACATAG ATAGTTTC * vTGTTTCTT CTTCGAACGTt 

^COCTC ggWg ^Sgg ^ISHIS GAXfiCTTGCAf 

IS ssss ssss sss SU- = 

sss ssss ss s^s sssss 

SSSS SSSSS SSSBgSgfe, 



Relevant features of the gene are highlighted. 



PCT/US90/06979 

WO 91/08285 

^ /S - 

bmiHI and Hind3 and 
* i.+mI bv digestion with Bamni » 
It was then isolated t>y a g 

» «WHind3 cut PJU1003 (Squires, et al., 1988) 
in8 erted into B^ndS ^ ^ ^ ^ ^ ^ 

hiding p^XOOa-s^ ^ J pgp g ene was isolated. 

^ the X*al/Hind3 fragment carry ^ ^ 

Thi8 fragment was ligated into pT3Xl-2 cut 
using an EcoRl-Xbal linker: ^ 

i The new^lasmid is designated pT3XI-2-«l0TC3FGFsyn. 

iS£2J 1 „.„ eut with BamKl and Hind3, which 

*&~™*«"» " °? 4 to eJtpreHio » vector - 
r e,ult.d in the Uneari»tion of the 7.4 *> *P ^ 

nu^ The DNA was then cut: w*w* 

Snalr which further fragmented the ineert 
Mit h ^ and Hind3 end the M. * — 
parl fied end fueed with the BamHl/Hind3-cut pT » ^ • 

1 pieemidT- — Hodil, for - 
and Sp.1, thu. reiea.in, • * «■ ^ flrE 

i »> WtM £ragBen t . ' Dm ...embled fr» four .*ntheti< 

, fu.ed to two ».U frag«nt. of H» 

i • „„„« «f these fragmente arei 

oligonucleotides. The sequence. 
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5' GAT CCG ATC TTG GAG GAT GAT TAA ATG CGT CCG AGC GGC CGC 
31 GC TAG AAC CTC CTA CTA ATT TAC GCA GGC TCG CCG GCG 

SacI 



AAG AGC TCC AAA AT 3 ' 

TTC TCG AGG TTT TAC GTC CG 5' 

5« G CAG GCT TTC CGT ATC TGG GAC GTT AAC CAG AAA ACC TTC TAC 
3 1 A AAG GCA TAG ACC CTG CAA TTG GTC TTT TGG AAG ATG 

CTG CGC AAC AAC CAA 3' 
GAC GCG TTG TTG GTT GAT C 5' 

These fragments carry sequences coding for the first 29 residues 
of the IL-li protein using e_j. coli preferred codons [according to 
deBoer and Kastelein in From Gene to Protein; Steps Dictating the 
M.viTn„i T^vel for Gene Expression (1986) Davis and Reznikoff, eds. 



pp. 225-283, Butterwortas, NT]- and a unique Sacl site after the 

sixth codon of IL-li. The resulting plasmid is called pDD5. 

G. Formation of pDD6. Changes to remove 
secondary structure in mRMA. 

Plasmid pDD5 was digested with BamHl and Sacl. The large 

(7.8 kb) Vector fragment resulting from this digestion was ligatec 

to a synthetic fragment of DNA: 



5 

3 



SAT CCG ATC TTG GAG GAT GAT TAA ATG CGA CCG TCC GGC CGT 
GC TAG AAC CTC CTA CTA ATT TAC GCT GGC AGG CCG GCA 



AAG AGC T 3 

TTC 5' 



that codes for the first 6 residues of the IL-li protein, but 
utilizes codons that prevent the formation of any hairpin loops 
near the 5' end of the mRNA, especially involving the 
•Shine-Dalgarno" sequence or the initiation codon for the IL-li 
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, , «. TM107 to Yield the production strain SGE90. 
transformed into JM107 to yw 

^.s of" lie of SGE90 are prepared to be u..d 
SMd as follow.. A culture strea* is crown on Luria agar 
suppiemented 1th 15 mg,l tetracycline HC1 at 3,-C. A .ingle 
cdony is piOced and crown in Luria broth supplanted with 15 „/ 
; x tetracycline HC1 at 37'C. Growth is monitored by ab.orbance " 
Lo » (henceforth refers to an 00,. When the culture reach., 
"..out i 00 it i. ...Ptically centrifuged and resuspended in 

, , «. m il.l). It i. then attributed into ampule. 

glycerol: Luria broth ( ' • 

ml per ampule, and .tored at -70-C. *«*» «. — 

front thi. cell ban. by crowing on. ampule in Luria broth 
.upplementeo with 15 mg/1 tetracycline HC1 to about 1 0D. then 

preparing ampules as above. • 

Tne fermentor u.ed i. prepared by thawing ampule, in 40 C «, 
„ t er and inoculating 1 ml from the ampule prep into ..oh of two . 
liter «m» containing 0.5 liter of Seed Media (Formula D- 
flas*. a» incubated for about 8 hour, on a shdcer at 37-C at 350 
rpm. The .eed OD reach., about 3-4 by thi. time. 

500 ml of the ...d culture i. used to inoculate 10 liter, of 

, irkia seed tank i» then grown at 

Fermentation Media (Formula 2, . Thi. »eea tan* 

37 . C for 5-6 hour, with P H control at 7.0. until the 00 reache. 
epproximately 5. The ..ed tan. U then — to inocuiat. the 

f erxnentor . 



WO 91/08285 PCT/US90/06979 
2 . Fermentation • 

The fermentation is carried out in 1600 liters of 
Fermentation Media (Formula 2). Temperature is controlled at 
37 «C. Dissolved oxygen is maintained at 30% (saturation with air * 
at 3 psig). pH is controlled at 7.0 by the addition of HC1 and % 

NaOH as required. 

Growth is monitored by OD. At approximately 10 OD synthesis 

of IL-li is induced by the addition of 

Isopropyl-B-D-thiogalactoside (IPTG) to a final concentration of 
150 uM. Fermentation is continued until the culture reaches an OD 
of about 40. Cell yield is about 150 kg solids per 1600 liters of 
fermentation media. 

3. Cell recovery and washing. 

Cells are recovered using a desludging centrifuge (for 
example an Alfa Laval BTUX 510) and washed with 150 mM NaCl. 
Cells are re-suspended to approximately 16% solids in 150 mM NaCl 
and then frozen and stored at -20°C. 

4. Cell rupture and debris removal 

Fourteen kg of resuspended cells (about 2.2 kg solids) are 
thawed. EDTA is added to 5 mM and the cells lysed with two passes 
through a high pressure homogeniaer. The pH is adjusted to 5.5 
using 1 M acetic acid. The lysate is diluted to 20+2 liters with 
water and clarified by centrifugation at 14,000 x G for 20 

minutes . 

5. First Ion Exchange. 
{ a) column spec ulations. The column used is an 

Amicon G300x250 filled with 7.5 liter o£ S-Sepharose resin 
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(MB u,. aii « ^ — ' h th — ^ " 500 

^ (b) saiM ^ i2tt . -e followin, «- seance is 
M9 d for each cycle on the col— Bu«er formula, are m 

Example 4. 

, . ^^ii i» dumber 
an Tut ion 



3 



a 



Equilibration 
Clarified Cell lysate 
Equilibration 
Salt Gradient Elution* 3/4 

NaOH Wash 5 

Acetic Acid Wash 6 

7 

Storage 



20 1 
15-25 1 
20 1 
40 1 
10 1 
5 1 
20 1 



•Salt gradient is run from 150-400 mM NaCl. 
. E xuate is collected by following the absorbance at 280 nm anc 
collecting the pea* eluting during the salt gradient. Recovery i. 
ahout 55 g of IL-fi in about 10 1 of the pooled fractions from 
20 1 of clarified cell lysate. 
6. Second Ion Exchange. 

,., f....^. The pooled eluate i. concentrated 

if d..i»d ueing a «. -•»• (1—) — * " 

^ * diaflltration nain, 4 «1— - Sacond ic, exchan,. 
B^ilibration Wte <Por»ul. I). * precipitat. which ton* at 
tU. .«p i. r«o«d by filtration tnrouah 3 uH and 0.22 *K 
filters . 
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(b) £aJjn ^ fr ^if lotions. The column used is an 
Amicon G180*250, filled with 5 liters of Q-Sepharose (Pharmacia). 
All solutions are pumped through the columns at 350 ml/min. 

(c) ~ nation . The following buffer sequence is 

used for each cycle on the column. Buffer formulas are give in ? 

1 

t Appendix A. 
Equilibration 8 



8 



Diafiltrate 
Equilibration 
Salt Gradient Elution* 8/9 
NaOH Wash 5 
Acetic Acid Wash 6 
Storage 



7 



20 1 
5-10 1 
20 1 
40 1 
10 1 
5 1 
20 1 



*Salt gradient is run from 0 to 100 mM NaCl. 
Eluate is collected by following the absorbance at 280 nm and 
collecting the peak eluting during %he salt gradient. Recovery is 
about 45 g of IL-li in about 10 1 of the pooled fractions from 7 1 
of Diafiltrate 1. 

7. f\Ml p™g««ginq- 

(a) — ^~^nn ™ .<m i^ation. The pooled eluate 

from the second ion exchange column is concentrated to 
approximately 6 1 using YM10 membrane (Amicon) . The material is 
then diafiltered against 5 volumes of Diafiltration buffer 
(Formula 10). Pinal concentration then takes place to 
approximately 1-2 1, with a target concentration of 10-30 g/l. 
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The precipitate which forms at this step is removed by filtration 
through 3 uM and 0.22 uM filters. The final concentrate is then 
filtered through a 0.22 uM filter into sterile, pyrogen free tubes 
and stored at -70-C Recovery is about 80% from the pooled 
fractions from the second ion exchange column. 

EXAMPLE 3 

1. Removal of the N-terminal Methionine 
from E. cnli produ ced IL-li 

IL-li produced in E^. coii has a sequence identical to that of 
iL-li-x from human monocytes with the exception that the 
N-terminus has an additional methionine residue. This residue can 
be removed by incubating the inhibitor with the exoprotease 
Aminopeptidase 1 from fi. eerevisiae. 

10 mg of recombinant IL-li (from the first S-Sepharose or the 
Q-Sepharose step of purification) is incubated with 1 mg of Yeast 
Aminopeptidase 1 purified as described by Change and Smith (J. 
Biol. Chem. 2&, 6979, (1989)), in 50 mM ammonium carbonate pH 8.0 
for 6 hours . The desmethionyl IL-li is purified from the reaction 
mixture by further S-Sepharose chromatography. 

If wished, this step of the production process for 
desmethionyl can be avoided by expressing the IL-li in an i. cpji 
which contains the cDNA for yeast Aminopeptidase 1 enzyme in a 
suitable expression vector. This JL. SSlL should also be unable tc 
express the gene for Aminopeptidase P (Yoshimoto et al. J, Mqchen 
(Tokyo) Ifli 93 (1988) since removal of the N-terminal methionine 
will otherwise lead to removal of the N-terminal arginine. 

It will be apparent to those skilled , in the art that various 
modifications and variations can be made in the processes of the 
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Laent invention. Thu., it i. intended that the present 
invention. cover the »odiii=ations and variations of these 
procea... provided thev com* within the scope c£ the appended 
= laims and their equivalents. 
1 F TC AMPLE 4 

IS A. Media and formula recipes 
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Formula 



Fermentation 



Seed Medium 



Yeast Extract 

Tryptone 

NaCl 

Antifoam* 
Tetracycline 
DI Water 



5 q/l 
10 q/l 
10 q/l 
0.2 al/1 
15 mg/1 
Q.S. 



All ingredients «xcept tetracycline are 
mixed and the pH adjusted ^ _ 
sodium hydroxide. Tetracycline is filter 
sterilized and added separately. 



Fermentation Fermentation 
Media 



N2 Amine HD 
KH,PO, 
MgSO.7H,0 
NaSO. 

Sodium Citrate 
Glycerol 
Antifoam* 
Trace minerals 
Thiamine HC1 
Tetracycline HC1 
DI Water 



ca 



40 g/l 
2 g/l 
l g/i 
6 g/l 
0.3 g/l 
so g/l 
, 3 ml/l 
4 ml/l 
10 mg/1 
15 mg/l 
Q.S. 



All ingredients through antifoam are 
SeriUzed together. Trace ^erals, 
thiamine and tetracycline are filter 
sterilized and added separately. 

• Added as needed. 

Antifoam Macol 19 

* ni " GE60 antifoam 




** Fermentation Trace 

Minerals 



Feci,-6H,o 

ZnCl, 

CoCl,6H,0 

Na^oO,6H,0 

caci,-2H,o 

CUC1,-2H,0 
MhClr4H,0 
K,BO, 

HC1, cone. 
DI Water 



27 g/l 
.3 g/l 
2 g/l 
2 g/l 
2.5 g/l 
1.27 g/l 
3.3 g/l 
o.s g/l 
160 ml/l 

Q.S . 
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Formula 
NUBfetr 



JiaOfi Components 



Cong, 



First Ion 
Ex Changs 



Equilibration 



Sodium Acetate 

EDTA 

NaCl 

DI/UF water 



25 mM 
1 mM 
150 mM 
Q.S.* 



Adjust pH to 5.5 with 5M Acetic Acid. 



First Ion 
Exchange 



Elution/High 
Salt 



Sodium Acetate 

EDTA 

NaCl 

DI/UF Water 



25 mM 
1 mM 
400 mM 
Q.S. 



Adjust pH to 5.5 with 5M Acetic Acid. 



s 


First /Second 
Ion Exchange 


HaOH wash 


NaOH 
NaCl 

DI/UF Water 


Q 2 M 
1.0 M 
Q.S. 


6 


First/Second 
Ion Exchange 


Acetic Acid 
. Wash . 


Acetic Acid 
DI/UF Water 


10 mM 
Q.S. 


7 


First/Second 
Ion Exchange 


Storage 


NaCl 

DI/UF Water 


1 M 
Q.S. 


8 


Second Ion 
Exchange 


Equilibration 


Histidine 
EDTA 

DI/UF Water 


20 mM 
1 mM 
Q.S. 






Adjust pH to 6.0 using 5M HC1. 




9 


Second Ion 
Exchange 


Elution/High 
Salt 


Histidine 

EDTA 

NaCl 

DI/UF water 


20 mM 
1 mM 

loo mM 

Q.S. 






Adjust pH to 6.0 using 5M HC1. 




10 


Diaf iltration 


Oiafiltration 


NaK,PO« 
EDTA 

DI/UF Water 


10 mM 
0.1 mM 
Q.S. 



Adjust to pH 7.0 using 5M NaOH. 
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B. 



Reverse-Phase HPLC of IL-li - 
w ? r Raduein renditions _ 



REVERSE-PHASE HPLC OF IL-li - NON REDUCING CONDITIONS 

HFK SYSTEM? 

Beckaan 114 Solvent Delivery Module 

Beckaan 165 Variable Wavelength Detector 

Beckaan System Gold Analog Interface Module 406 

Beckaan System Gold, Personal Chromatograph Software 

COLUMN: 

Brovnlae RP-300 (C8) 

(220 mm x 4.6mm, 7 micron) 

DETECTOR SETTINGS I 

Channel A, 215 run 
Channel B, 280 nm 
Range: 0 - 0.05 AUFS 

MOBILE PHASE! 

A: 0.1% TFA in Water 

B: 0.1% TFA in Acetonitrile 

GRADIENT CONDITIONS ! 

Time Mninl Percent B Duration 



0 
5 
35 
75 
85 
95 



0 
30 
50 
100 
0 
0 



5 
30 
40 
5 
5 

End 



(Start Gradient) 
(End Gradient) 



FLOW RATE? 

1-0 ml/ain 

SAMPLE PREPARATION; 

Dilute sample to 0.1 - 0.5 mg/nl with water. 
INJECTION VOLUME; 
100 Ul 

CHEMICALS? 

Chemical SWBll«g Catt tf Q ' 



TFA Sigma 
Acetonitrile, HPLC Grade Baker 



T-6508 
9017-03 
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c. 

MONO Q HPLC OF IL-li 

HPLC SYSTEM! 

Beckman System Gold 

Programmable Sovent Module 126 
Scanning Detector Module 167 
Remote Interface Module 
HP Series 1050 Autosampler 

System Gold, Personal Chromatograph Software 

CpLUHN: 

Pharmacia Mono Q HR 5/5 
DETECTOR SETTINGS t 

280 nm 
MOBILE PHASE; 

A: 20 mM TRIS, pH 7.5 

B: 20 mM TRIS, pH 7.5 + 250 mM NaCl 
GRADIENT CONDITIONS: 

0% to 100% B in 60 minutes 

FLOW RATE: 

0.5 ml/min 
SAMPLE PREPARATION: 

None 

INJECTION AMOUNT; 

25 ug 
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D. 



MONO S HPLC 0? IL-li 



HfTg SYSTEM: 




Scanning Detector Module 167 
Remote Interface Module 
HP Series 1050 Autosampler 

System Gold, Personal Chromatograph Software 



COLUMN; 



Pharmacia Mono S HR 5/5 



py^rrap SETTINGS: 



280 nm 



MOBTT.E PHASE: 

A: 25 mM NaAc, pH 5.5 + 1 mM EDTA 

B: 25 mM NaAc, pH 5.5 + 1 mM EDTA + 500 mM NaCl 

r.PADTEMT C ONDITIONS: 

0% to 60% B in 36 minutes. 

Ptnw RATE: 

0.5 ml/min 

<sftflpT.Tr PREPARATION 



None 



25 ug 
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SIZE EXCLUSION HPLC OP IL-li 



HPLC SYSTEM; 

Beckman 114 Solvent Delivery Module 
Beckman 165 Variable Wavelength Detector 
Beckman System Gold Analog Interface Module 406 
Beckman System Gold, Personal Chromatograph Software 

COLUMN; 

Bio-Sil TSK 250 (7.5 mm x 30 cm) 

DETECTOR flKTTTp^ 
280 mm 

Range: o - 0.2 AU 

MOBILE PW&.QP. 

25mM Na Acetate and 0.5M NaCl, pH 5.5 
FLOW RATE- 

0.5 mls/min 
SAMPLE rapi^TT^! 

Dilute IL-li solution with mobile phase to a final 
concentration of approximately 2 mg/ml 

INJECTTOH VOLUME; 



50 ul 
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*• REDUCING SOS PAGE OF IL-li 

Sgr PREPARATION 



Follow procedure outlined by Lammli in J. Mol. 
Biol., 80, 575-599 (1973) . 



SEPARATING GELi 



Acrylaaide 13% 

TRIS pH 3.8 375 BM 

SOS 0 . It 



!| 



STACKING GEL! 



Acrylaaide pH 6.8 5% 
SOS 0.1% 



SAMPLE PREPARATION; 



Saapla is diluted 1:1 with Sample Buffer. The 
samples art then heated for 15 ainutes at 65 *C, spun 
and loadad onto the gal. 

SAMPLE BUFFER: 

TRIS pH 6.8 250BN 

SOS 2.5% 

2-Marcaptoathanol 5% 

Gycarol 12 . 5% 

ELECTROPHORJESEIS CWPITIOWS; 

50 V until saaplas hava raaehad tha separating gal. 
100V until tha broaophenol blua runs out of tha gal. 

STAINING : 



Ethanol 45.4% 

Aeatie Acid 9.0% 

watar 45.5% 

Cooaassia Brilliant Blua 2.5g 

Stain ovarnight at room temperature with gentle 
shaking. 



DESTAINING: 



Methanol 30.0% 
Acethic Acid 12.5% 
water 57.5% 

Obstain overnight or until background is clear at room 
temperature . 
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g« M rtad MW 



Low Molecular Weight Range (BRL) : 
Protein 

insulin (A and B) 2,300 and 3,400 

Bovine Trypsin Inhibitor TS ,« n 

Lysoryme JJ'JJJ 

B-Lactoglobulin ",400 

Alpha-Chyaotrypsin " * ™u 

ovalbumin 43,000 

5 ug of the protein mixture is loaded onto the SDS PAGE gel. 
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! TRYPSIN MIBM MAP OP RECOMBINANT HUMAN IL-li 

G • 

pff? gEDURE; 

1. Reagents 

1.1 Trypsin sequencing grade; Boehringer Mannhei* 
GmbH. 

1.2 Urea ultra pure: BRL. 

1.3 Milli-Q water. 

1.4 Trifluoroacetic acid; Pierce. 

1.5 HPLC grade acetonitrile ; J.T. Balcer. 

1.6 Tris 

1.7 caCl 2 

2 . Equipment 

2.1 HPLC system 
Beekman 114 Solvent Delivery Module 

53SS SS2.*!SSirsSStS^ 

Software 

2 . 2 column 

BrowLee RP-300 (C8) 
(220mm x 4.6mm, 7 micron) 

2.3 Heating/cooling water bath 
3. solution 

loss of activity. 

3.2 Urea: 8 M urea in Milli Q water, make fresh 
daily. 

3.3 2M Tris HC1 P H 8.0 and 0.1M Tris HC1 pH 8.0. 

3.4 3mM CaCl 2 
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4 . Method 

4.1 Denature of IL-li in 6M urea and 0.1M Tris pH 8.0 
final concentration at about 3 mg/tnl protein for 
10 minutes at 37 f C. 

4.2 Dilute into a solution of 0.1M Tris HC1 pH 8.0 
containing 0.3mM CaCl 2 (1:2 vol/vol) to give a 
final concentration of 2H urea. 

4.3 Add trypsin solution (solution number 3.1) to give 
1% by weight of the protein. Mix well. 

4.4 Incubate at 37*c for 1 hr and additional 1% by 
weight of trypsin is added. 

4.5 Stop digest after an addtional 3 hrs by freezing 
at -20 # C or by acidification with 10% trifluoro- 
acetic acid, final concentration 0.1%. 

4.6 Inject onto the HPLC column. 



5. Reverse-phase of peptide fragments produced by trypsin 
digestion. 

5.1 HPLC system and column as in Section 2. 

5.2 Detector settings; 

Channel A: 215 mm 
Channel B: 200 mm 
Range: 0-0,5 AU 

5.3 Mobile phase: 

A: 0.1% TFA in water 

B: 0.1% TFA in acetonitrile 

5.4 Gradient conditions 



Tims fain) 



Percent B 



Deration 



5.5 



0 
5 

85 
95 
120 

Flow rate 

1.0 ml/min 



0 
40 

.100 

0 
0 



0 
80 
5 
5 

End 



I 



wo 
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5.6 Sample preparation 
none 

5.7 Injection volume 
50 to 100 ul 
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Si' 

H. Tj-ii Bloassav. 

The assay for IL-1 inhibitor is based on an 
IL-1 assay developed by S. Nakai, K. Mizuno, M. Kaneta and Y. 
Hirai. f Blochem. Biophvs. Res. Comm. 154:1189-1196. 1988). The * 
principle of this assay is that prolonged exposure to IL-1 is 
cytotoxic to the human melanoma cell line A375. The cytotoxicity 
is mediated via the IL-1 receptor. IL-li antagonizes this 
cytotoxicity in a dose dependent manner by competing with IL-1 fox 
! binding to the IL-1 receptor. The level of toxicity can be 
j quantitated by staining the live cells with crystal violet, 
extracting the stain from the cells by overnight incubation in 
100% ethanol, and measuring the optical density of the extracted 
stain with a spectrophotometer. The rationale for the use of the 
A3 7 5 melanoma cell bioassay is that it is a simple and direct 
method for measuring both IL-1 and IL-li activity. Most other 
assays that have been described in the literature depend on the 
ability of IL-1 to activate other products, such as prostaglandin 
E2 and lactic acid in fibroblasts, and interleukin-2 in T-cells. 
These secondary products are then measured in order to determine 
the level of IL-1 present. Although all of these IL-1 activities 
are receptor mediated, the existence of more than one stage makes 
these alternative assays cumbersome and subject to a greater 
probability of error. 



X 



WO 91/08285 PCT/US90/06979 

|wHAT IS CLAIMED IS: 

1. A method for the production of commercial quantities 
highly purified interleukin-1 inhibitor (IL-li) comprising: 

(1) fermentation of L£°U comprising a plasmid containing 

a DNA encoding IL-li; 

(2) cell processing, including: 

(a) cell recovery, 

(b) lysis, and 

(c) clarification of the lysates? 

(3) a first ion exchange step; 

(4) a second ion exchange step; 

(5) the final processing steps including concentration 
and diafiltration. 

2. The method of claim 1 wherein the plasmid is pDD6. 

3. The method of claim 1 wherein the first ion exchange 
step uses a column packed with a cationic resin. 

4. The method of claim 3 wherein the cationic resin is 
selected from the group consisting of S-Sepharose, SP-C25 
Sephadex, CM Sephadex, CM Sepharose, CM cellulose, or CM 
Toyopearl . 

5. The method of claim 4 wherein the cationic resin is 
S-Sepharose. 

6. The method of claim 1 wherein the second ion exchange 
step uses a column packed with an anionic resin. 

7. The method of claim 6 wherein the anionic resin is 
selected from the group consisting of Q-Sepharose, DBAE-Sepharose 
Q-Sephadex and DEAE cellulose. 
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8. The method of claim 7 wherein the anionic resin is 
Q-Sepharose. 

9. The method of claim 1 which further comprises a third 
exchange ion exchange step conducted immediately prior to the 
final processing steps. 

10. The method of claim 9 wherein the third ion exchange 
step is conducted using a cationic resin. 

11. The method of claim 10 wherein the cationic resin is 
selected from the group consisting of S-Sepharose, SP-C25 
Sephadex, CM Sephadex, CM Sepharose f CM cellulose, or CM 
Toyopearl . 

12. The method of claim 11 wherein the cationic resin is 
S-Sepharose. 

13. A transformed J^, coli host comprising at least one 
plasmid containing a DNA sequence encoding IL-li which is capable 
of producing commercial quantities of highly purified IL-li. 

14. The plasmid pDD6. 

15. Interleukin-1 inhibitor bound to an anionic resin. 

16. Inter leukin-1 inhibitor bound to a cationic resin. 
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